COPD Population in US Primary Care: Data From
the Optimum Patient Care DARTNet Research Database
and the Advancing the Patient Experience in COPD Registry

Wilson D. Pace, MD"?
Elias Brandt, MSc'
Victoria A. Carter®
Ku-Lang Chang, MD*
Chelsea L. Edwards, PhD*
Alexander Evans, MSc’
Chester Fox, MD"°
Gabriela Gaona, MPH!
Meilan K. Han, MD”
Alan G. Kaplan, MD***°
Rachel Kent!

Janwillem W. H. Kocks, MD, PhD*"!
Maja Kruszyk’

Chantal E. Le Lievre’
Tessa Li Voti®

Cathy Mable, PhD, MBA*
Barry Make, MD"
Amanda R. Ratigan, PhD, MPH'
Asif Shaikh, MD, MPH"?
Neil Skolnik, MD"**5
Brooklyn Stanley, MSc**

Barbara P. Yawn, MD, MSc, MSPH"*"?

David B. Price, FRCGP* '

v

MORE ONLINE

www.annfammed.org

CORRESPONDING AUTHOR

David B. Price

Academic Primary Care, Divi-

sion of Applied Health Sciences
University of Aberdeen, Polwarth Building
Foresterhill, Aberdeen AB25 2ZD, UK
dprice@opri.sg

ABSTRACT

PURPOSE To describe demographic and clinical characteristics of chronic obstructive pul-
monary disease patients managed in US primary care.

METHODS This was an observational registry study using data from the Chronic Obstructive
Pulmonary Disease (COPD) Optimum Patient Care DARTNet Research Database from which
the Advancing the Patient Experience COPD registry is derived. Registry patients were aged
>35 years at diagnosis. Electronic health record data were collected from both registries,
supplemented with patient-reported information/outcomes from the Advancing the Patient
Experience registry from 5 primary care groups in Texas, Ohio, Colorado, New York, and
North Carolina (June 2019 through November 2020).

RESULTS: Of 17,192 patients included, 1,354 were also in the Advancing the Patient Expe-
rience registry. Patients were predominantly female (56%; 9,689/17,192), White (64%;
9,732/15,225), current/ex-smokers (80%; 13,784/17,192), and overweight/obese (69%;
11,628/16,849). The most commonly prescribed maintenance treatments were inhaled corti-
costeroid with a long-acting B,-agonist (30%) and inhaled corticosteroid with a long-acting
muscarinic antagonist (27%). Although 3% (565/17,192) of patitents were untreated, 9%
(1,587/17,192) were on short-acting bronchodilator monotherapy, and 4% (756/17,192) were
on inhaled corticosteroid monotherapy. Despite treatment, 38% (6,579/17,192) of patients
experienced 1 or more exacerbations in the last 12 months. These findings were mirrored
in the Advancing Patient Experience registry with many patients reporting high or very high
impact of disease on their health (43%; 580/1,322), a breathlessness score 2 or more (45%;
588/1,315), and 1 or more exacerbation in the last 12 months (50%; 646/1,294).

CONCLUSIONS Our findings highlight the high exacerbation, symptom, and treatment bur-
dens experienced by COPD patients managed in US primary care, and the need for more
real-life effectiveness trials to support decision making at the primary care level.

Ann Fam Med 2022;20:319-327. https://doi.org/10.1370/afm.2829

INTRODUCTION

( :hronic obstructive pulmonary disease (COPD) represents an important
public health challenge that is preventable and treatable.' For the 16 million
Americans who live with it, COPD carries a high morbidity, mortality, and

socioeconomic burden.?® Adults with COPD are more likely to report inability to

work, limitations to activity, and to suffer from more comorbid chronic disease,
compared with adults without COPD .23 COPD is the third leading cause of death
in the United States; more than 140,000 Americans die from it each year (1 every

4 minutes).” Indeed, the COPD death rate has doubled since 1969, while death

rates for other chronic diseases have declined.® The 20-year (2019-2038) direct

medical costs and indirect absenteeism costs associated with COPD in the United

States are estimated at $800.9 billion and $101.3 billion, respectively.” Globally, the

COPD burden is projected to increase because of continued exposure to COPD

risk factors, rising obesity, and increase in the proportion of women within an

aging population.’
In the United States, approximately 80% of patients diagnosed with COPD

are managed by their family physician or general internist.'” Despite the efforts of

several campaigns to increase awareness of this disease and best clinical practice in

11-13

primary care,'""'* many US family physicians and other primary care clinicians are
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unfamiliar with COPD management guidelines.'* Addition-
ally, management guidelines may not reflect routine clinical
practice, as the majority of their evidence is derived from ran-
domized controlled trials (RCTs) rather than real-life effec-
tiveness studies. The World Health Organization has called
for more epidemiological studies to more accurately estimate
the burden of chronic respiratory disease and encourages
countries to obtain baseline measures and monitor trends.” In
the United States, the COPD National Action Plan highlights
the need to collect, analyze, report, and disseminate COPD-
related public health data, and the need for more research to
better understand the prevention, pathogenesis, diagnosis,
treatment, and management of COPD.'

A registry is an ideal way to encourage increased and
coordinated data collection, analyses, and data sharing. Reg-
istries enable us to observe the course of disease, to under-
stand the impact of treatment variations and outcomes, and
to examine factors that can influence prognosis.”” Registries
are particularly suited to tracking the natural progression
of COPD, in which progression is slow and trends can be
obscure; describing care patterns and disparities in care
delivery: and assessing effectiveness, safety, and quality of
care.'” Prospective, observational patient registries have the
advantages of including real-life patients (improving general-
izability) and examining clinical questions for which a RCT is
either impractical or unethical.

predictors of response to available COPD treatments."

To improve COPD management in primary care, it is first
necessary to describe the patient population using clinically
relevant variables which can be collected practically and
monitored longitudinally. The aim of the current study was
to describe the demographic and clinical characteristics of
COPD patients managed in US primary care using EHR and
PRIO-matched variables (ie, APEX-COPD registry) and to
assess the generalizability of these data against a large EHR-
based COPD registry (ie, the COPD-RD).

METHODS

Design

This is a historical registry study using patient data from the
COPD-RD from which the APEX-COPD registry is derived.
The APEX-COPD registry contains all COPD-RD variables
but also links these with PRIO data. The study was designed,
implemented, and reported in accordance with relevant regu-
latory and ethical requirements (Supplemental Appendix).

Patients
Eligible patients from participating primary care sites had a

diagnostic code for COPD (ICD-9-CM or ICD-10-CM) or a

COPD monitoring review code (included chronic bronchitis,

In response to the call to action of the

Table 1. Description of Variables Used for Disease Monitoring

COPD National Action Plan'® and the

World Health Organization,'® the Advanc- Variable Score  Description

ing the Patient Experience in COPD CT20.22 <10  Low impact: Most days are good, but COPD causes a few
(APEX-COPD) registry (https://www. problems and stops people from doing 1-2 things they
apexcopd.org/) is the first primary care would like to do

health system—based COPD registry in 10-20  Medium impact: COPD is one of the most important problems
the United States.'®'"” It was designed as an that they have

observational, primary care initiative which 21-30  High impact: COPD stops people from doing most of things
retrospectively and prospectively collects that 'Fhey. want to do . .
clectronic health record (EHR) COPD >30  Very high impact: COPD stops people from doing everything
variables (derived from larger data set—the that they want to do; they never have good days

COPD Optimum Patient Care Research mMRC dyspnea 0 Dyspnea only with strenuous exercise

DARTNet Research Database [COPD- scale?? Dyspnea when hurrying or walking up a slight hill

RD]). And, unlike other registries, it links 2 Walks slower than people of the same age because of dyspnea

these EHR data to patient-reported infor-
mation/outcomes (PRIO) data and informa-
tion gathered from COPD patients during
primary care visits.'"® The APEX-COPD

or has to stop for breath when walking at own pace

3 Stops for breath after walking 100 yards (91 m) or after a few
minutes

4 Too dyspneic to leave house or breathless when dressing

registry was established and co-funded by
Optimum Patient Care Global and Boeh-
ringer Ingelheim. Optimum Patient Care

GOLD Group??

Global retains intellectual property rights
to the registry.

The primary objectives of the APEX-
COPD registry are to describe the pri-
mary care COPD population in the United

A Less symptoms, low risk: mMRC O-1, CT <10, O or 1 moderate
or severe exacerbations (not leading to hospital admission)

B More symptoms, low risk: mMRC >2, CT >10, O or 1 moderate
or severe exacerbations (not leading to hospital admission)

C Less symptoms, high risk: mMRC 0-1, CT <10, =2 moderate or
severe exacerbations or >1 leading to hospital admission

D More symptoms, high risk: mMRC >2 , CT >10, >2 moderate
or severe exacerbations or >1 leading to hospital admission

States; to compare the effectiveness of cur-
rent COPD treatments; and to understand

COPD = chronic obstructive pulmonary disease; CT = chronic obstructive pulmonary disease assessment test;
GOLD = Global initiative for chronic Obstructive Lung Disease; mMRC = modified Medical Research Council.

ANNALS OF FAMILY MEDICINE + WWW.ANNFAMMED.ORG * VOL. 20, NO. 4 + JULY/AUGUST 2022

~eg >



https://www.apexcopd.org/
https://www.apexcopd.org/
https://www.annfammed.org/lookup/suppl/doi:10.1370/afm.2829/-/DC1


COPD POPULATION IN US PRIMARY CARE

the occurrence of the following events: (1) exacerbation code
5); (2) COPD, acute bronchitis, lower

respiratory tract infection, other lower respiratory code, or

emphysema, alpha-1 antitrypsin deficiency, and mixed
COPD/asthma) recorded in their EHR and were aged 35 or
more years at the time of COPD diagnosis (Supplemental
Table 1). These patients had current COPD defined as an
appointment in the last 2 years and either had (1) been diag-
nosed or re-coded with COPD in the last year, (2) a prescrip-
tion for a COPD inhaler in the last 2 years and a COPD

diagnosis (including diagnoses with an end date), or

(Supplemental Table

influenza code with prescribed oral corticosteroid or respira-
tory specific antibiotic or both; or (3) uncoded exacerbation
with prescribed oral corticosteroid or respiratory-specific
antibiotic or both (without other reason).

(3) _had active patlent-réported COPD S},m?ptc?ms', Table 2. Demographics of COPD Patients in the COPD-RD and
Patients were excluded if they were participating in APEX-COPD Registry
a COPD drug therapy clinical trial, expected to live
less than 12 months, diagnosed with cancer in the APEX-COPD
past 3 years (excluding non-melanoma skin cancer), o COPD-RD Registry P
or were receiving hospice care. Characteristic (n=17,192) (n=1,354) Value
Site, No. (%)
Sites Ohio 8,722 (50.7) 565 (41.7)
Thirty-one clinic sites within 5 health care orga- North Carolina 6,038 (35.1) 585 (43.2)
nizations (located in Texas, Ohio, Colorado, New New York 1,149 (6.7) 79 (5.8)
York, and North Carolina) provided access to a lim- Texas 811 (4.7) 63 (4.7)
ited EHR data set through a data use agreement of Colorado 472 (2.7) 62 (4.6)
all patients with COPD who did not specifically opt Gender, No. (%)
out of the project. Female 9,689 (56.4) 759 (56.1) 830
Age, y
Data Collection Mean (SD) 67.4 (11.3) 69.3 (10 1)
Aggregated baseline demographic and clinical EHR 35-44, No. (%) 376 (2.2) 5 (1.1
data were collected from June 2019 through Sep- 45-54, No. (%) 1,646 (9.6) 8 (5. ) 000
tember 2020 and extracted remotely by the DART- 55-64, No. (%) 5,182 (30.1) 355 (26.2)
Net Institute. PRIO data for the APEX-COPD 65-74, (No. %) 5,400 (31.4) 509 (37.6)
registry were collected with a paper questionnaire 75-84, No. (%) 3,307 (19.2) 305 (22.5)
or Patient Engaged Electronic Reporting System (a >85 years, No. (%) 1,281 (7.5) 102 (7.5)
browser-based study management and PRIO data BMI (kg/m2)?
collection system), from December 2019 through Mean (SD) 29.6 (11.1) 29.2 (8.3)
November 2020 (Supplemental Appendix). <18.5, underweight, No. (%) 813 (4.8) 57 (4.3) 886
. 18.5 to <25, normal, No. (%) 4,408 (26.2) 356 (26.6)
Study Var'?‘blej" ‘ _ 25 to <30, overweight, No. (%) 4,670 (27.7) 382 (28.6)
Demographlc, clinical, and PRI.O variables col- >30, obese, No. (%) 6,958 (41.3) 543 (40.6)
lected in Fhe APEX-Cé)PD registry were .developed Race and ethnicity, No. (%)°
by Delphi consensus. They were sublelded White 9,732 (63.9) 749 (67.3)
into .3 t}fpes of variables: demographics, disease African American 3,613 (23.7) 165 (14.8)
monitoring, and treatment (Supplemental Tables Hispanic 1,744 (11.5) 194 (17.4) 484
2-4). Specific PRIO variables included the COPD Asian 3(05) 101)
Assessment Test, modified Medical Research Coun- American Indian 6 (0.3) 3(03)
cil (mMRC) dyspnea scale, and Global initiative for ) N
) ) ) Native Hawaiian 7 (0.0) 1(0.1)
chronic Obstructive Lung Disease (GOLD) A-D .
. i 0 Multi-race 0 (0.0) 0 (0.0)
groups, that describe COPD in terms of its impact .
tients’ lity of lif v of d d Smoking status, No. (%)¢
on patlenks) qza ity of 11(e,fsever1 {)Ot yspnea, an Sokers 6,428 (41.2) 14 (31.2)
symptom bur ezr:) gr risk of exacerbation, respec- Excsmokers 7356 (47.1) 751 (56.6) 000
tively (Table 1).2°
. . . Non-smokers? 1,824 (11.7) 162 (12.2)
Exacerbations were defined using EHR data Unknown smoking status 1584 (9.2) 27 (2.0
(COPD-RD and APEX-COPD registry patients) 9 ! i
: _ APEX = Advancing the Patient Experience; BMI = body mass index; COPD = chronic obstructive pulmo-
and. I‘Cport(id bé patlegtsvthe?sgl\_/e‘s (APEX ]CE:](—)IED nary disease; COPD-RD = COPD Optimum Patient Care DARTNet Research Database.
registry only). Exacerbation de r'ntlon using tf * Data missing: COPD-RD n = 16,849, APEX-COPD n = 1,338.
data was adapted from that pUbllShed by Ha]pm bRace and ethnicity are not mutually exclusive. Data missing: COPD-RD n = 15,225, APEX-COPD n = 1,113,
and colleagues.?® Specifically, COPD exacerbations  Data missing: APEX-COPD n = 1,327. . .
9 An overestimate as some ex-smokers were coded incorrectly as non-smokers at 1 site.

were defined according to a hierarchal algorithm as
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COPD POPULATION IN US PRIMARY CARE

Patient-reported exacerbations were
received from patient questionaires for
those in the APEX-COPD registry.
The full COPD exacerbation definition
and the algorithm breakdown is pro-
vided in Supplemental Table 6. The
EHR data look-back period is up to 10
years from September 2020. Medica-
tions and conditions (eg, diagnoses)
variables, however, are not limited by a
look-back period but extend back as far
as EHRs exist at each site for patients
included in the registry.

Statistical Analysis

Stata version 14 (StataCorp LLC) and
R version 3.6 (R Project for Statistical
Computing) were used to conduct all
statistical analyses and data manipula-
tions. Descriptive statistics were com-
puted for all EHR demographic and
clinical variables (both registries) and
PRIO variables (APEX-COPD registry)
as categorical variables and presented
separately for the COPD-RD and
APEX-COPD registry.

RESULTS

Demographic Characteristics

From June 2019 through November
2020, 17,192 eligible patients were
included from the COPD-RD and
1,354 were includeed from the APEX-
COPD registry (ie, had demographic,
clinic, and PRIO data). From the 5
COPD-RD sites, there were 8,722
from Ohio, 6,038 from North Carolina,
1,149 from New York, 811 patients
from Texas, and 472 from Colorado.
Overall, patients were predominantly
female (56%), aged 55-84 years old
(81%), White (64%), smokers or ex-
smokers (88%) and were overweight

or obese (69%) (Table 2). We found

no statistically significant difference
between APEX-COPD and COPD-RD
for race or ethnicity:.

Clinical Characteristics
Comorbidities

The comorbidity burden was high

as 99% of COPD-RD patients had 1
comorbid condition, and polymorbid-
ity was common with 87% of patients

Figure 1. Prevalence of comorbidities in COPD patients in the COPD-RD
(n =17,192) and the APEX-COPD registry (n = 1,354).
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APEX = Advancing the Patient Experience; COPD = chronic obstructive pulmonary disease; COPD-RD = COPD Optimum
Patient Care DARTNet Research Database; CRS = chronic rhinosinusitis; GERD = gastresophageal reflux disease.

Table 3. Clinical Characteristics of COPD Patients in the COPD-RD and
APEX-COPD Registry

COPD-RD APEX in COPD Registry P

Characteristic (n=17.192) (n=1,354) Value
Exacerbations, No. (%)

>1 exacerbation in last 12 months 6,579 (38.3) EHR: 640 (47.3) .000

PRIO: 646/1294 (49.9)

>1 exacerbation in last 24 months 9,874 (57.4) EHR: 782 (57.8) .001
Recorded vaccination, No (%)

Influenza in the last 12 months 4,561 (26.5) 508 (37.5) .000

Pneumococcal in the past 10 years 9,811 (57.1) 881 (65.1) .000
Steady state eosinophils (cells/uL)?

Mean (SD) 212.8 (226.8) 232.8 (181.8) .001

<150, No. (%) 4,062 (45.7) 166 (35.5)

150-300, No. (%) 3,102 (34.9) 199 (42.5)

>300, No. (%) 1,718 (19.3) 103 (22.0)

APEX = Advancing the Patient Experience; COPD = chronic obstructive pulmonary disease; COPD-RD = COPD Optimum
Patient Care DARTNet Research Database; EHR = electronic health record; PRIO = patient-reported information/outcome.

2 Data missing: COPD-RD n = 8,882, APEX-COPD n = 468.
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having 3 or more comorbidities. Hypertension was the pre-
dominant comorbidity (73%), followed by diabetes mellitus
(45%), depression (42%), and osteoarthritis (41%) (Figure 1).
Approximately one-third of patients also had gastro-esoph-
ageal reflux disease (39%), sleep apnea (37%), rhinitis (34%),
asthma (33%), anxiety (31%), and anemia (31%) (Figure 1).

Figure 2. Proportion of patients included in the COPD-
RD (n =17,192) and the APEX-COPD registry (n = 1,354)
and who experienced exacerbations in the last year.

100
I copp-rD [l Apex registry
80

60 —

Patients (%)

40

22.3 22.0

20

Number of exacerbations in last year

APEX = Advancing the Patient Experience; COPD = chronic obstructive pulmonary dis-
ease; COPD-RD = COPD Optimum Patient Care DARTNet Research Database.

Note: See Supplemental Table 6 for exacerbation algorithm.

More than 10% had pneumonia in the past year. Similar find-
ings were noted in the APEX-COPD population, where 73%
of patients had hypertension, 43% diabetes mellitus, 41%
depression, and 41% osteoarthritis (Figure 1).

Exacerbations

Overall, 38% (6,579 of 17,192) of patients experienced 1 or
more EHR-defined exacerbation in the past year (Table 3). Of
these, 22% of patients experienced 1 exacerbation, 8% expe-
rienced 2, and 8% experienced 3 or more exacerbations in the
past year (Figure 2). The APEX-COPD registry mirrored this
finding with 47% of patients experiencing 1 or more exacer-
bations in the past year according to EHR and confirmed by
patients (50% reported 1 or more exacerbation in the past
year) (Table 4). The hierarchy of the exacerbation algorithms
(Supplemental Table 6) shows the full exacerbation break-
down of frequencies at each defined subset.

Treatment

In the last year, for COPD-RD patients, 3% were on no
therapy, 9% were on reliever therapy only, and 88% were on
controller therapy only (Figure 3; Table 5). For those on con-
troller therapy, inhaled corticosteroid (ICS) with long-acting
B,-agonist (LABA) was most commonly prescribed (30%),
followed by ICS with LABA and long-acting muscarinic
antagonist (LAMA) (27%), and LABA and LAMA (13%). ICS
monotherapy was used by 4.% of patients. There were 47%
of patients with any form of macrolide antiobiotic code in
the last 12 months. APEX-COPD registry patients followed a

Table 4. Additional PRIO Data for COPD Patients in the APEX-COPD Registry (N = 1,354)

APEX-COPD Registry

APEX-COPD Registry

More symptoms, high risk (GOLD D) 435 (35.2)

I
i
Variable Sample Size No. (%) i Variable Sample Size No. (%)
COPD assessment test n=1322 i Number of exacerbations n=1294
<10 (Low) 238 (18.0) i in the past 12 months
10-20 (Medium) 504 (38.1) ! 0 648 (50.1)
21-30 (High) 453 (34.3) i 1 241 (18.6)
>30 (Very high) 127 (9.6) ! 2 139 (10.7)
mMRC n=1315 ! 3+ 266 (20.6)
Grade 0 258 (19.6) i Number of hospitalizations n= 1,246
Grade 1 469 (35.7) ! in the past 12 months
Grade 2 325 (24.7) i 0 1,000 (80.3)
Grade 3 195 (14.8) : 1 123 (9 9)
Grade 4 8 (5.2) ! 2 5(3.6)
GOLD characteristics n=1236 i 3+ . 8 (6.2)
Less symptoms, low risk (GOLD A) 178 (14.4) ! Smoking status n=1327
More symptoms, low risk (GOLD B) 586 (47.4) i Smokers 414 (31.2)
Less symptoms, high risk (GOLD C) 7 (3.0) ! Ex-smokers 751 (56.6)
( ! Non-smokers 162 (12.2)
!

Note: Missing data for each variable.

APEX = Advancing the Patient Experience; CT = chronic obstructive pulmonary disease assessment test; COPD = chronic obstructive pulmonary disease; GOLD = Global Initiative for chronic
Obstructive Lung Disease; mMRC = modified Medical Research Council; PRI = patient reported information; PRIO = patient reported information/outcomes.
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COPD POPULATION IN US PRIMARY CARE

similar pattern but with slightly more patients on no therapy
(8%) or triple therapy (38%), and slightly fewer patients on
reliever only (5%), ICS monotherapy (4%), or had any form
of macrolide antibiotic (45%) compared with COPD-RD

patients (Figure 3; Table 5).

Blood Eosinophil Count

Mean steady state blood eosinophil
count was 2,123 cells/pL in the COPD-
RD population and 233 cells/uL in the
APEX-COPD registry (Table 3), and
was more than 300 cells/uL for 19% of
COPD-RD patients and 22% of APEX-
COPD registry patients.

PRIO Characteristics (APEX-COPD
Registry Patients Only)

The majority of APEX-COPD patients
reported a medium to very high COPD
Assessment Test score (82%) and grade
1 or 2 mMRC-rated breathlessness
(60%) (Table 4). However, 10% had a
very high COPD Assessment Test score
and 20% rated their breathlessness as
grade 3 or 4 on the mMRC dyspnea
scale. Although most patients reported
no exacerbations (50%) and no hospi-
talizations (80%) in the past 12 months,
31% reported 2 or more exacerbations
and 10% reported 2 or more hospi-
talizations (Table 4). The majority of
patients, therefore, fell predominantly
into GOLD B group (47%), being
symptomatic but at low exacerbation
risk. However, 35% of patients were in
Group D (ie, symptomatic and at high
exacerbation risk). More than 31% of
APEX-COPD patients reported they

continued to smoke.

and confirmed that the APEX-COPD registry is representa-
tive of this much larger data set. Furthermore, our EHR data
gathered in the COPD-RD were enhanced with PRIO data
from more than 1,000 patients enrolled in the APEX-COPD

Figure 3. COPD treatment use among patients included in the COPD-RD
(n =17,192) and APEX-COPD registry (n = 1,354).
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APEX = Advancing the Patient Experience; COPD = chronic obstructive pulmonary disease; COPD-RD = COPD Optimum
Patient Care DARTNet Research Database; ICS = inhaled corticosteroid; LABA = long-acting B,-agonist; LAMA = long-acting
muscarinic antagonist; LTRA = leukotriene receptor antagonist.

@ Prescribed with or without phopohodiesterase-4, macrolide, theophylline, or LTRA.
b Prescribed with LTRA.
< Prescribed with or without theophylline or LTRA.

DISCUSSION

To improve COPD management in
primary care, it is first necessary to
describe the patient population using
clinically relevant variables which can
be collected practically and monitored
longitudinally. Our study is the first

to do that, comprehensively describ-
ing US COPD patients managed in
primary care. We described the COPD
burden in a large primary care data set
comprising EHR data from more than
17,000 patients representative of the
general US primary care population

Table 5. Disease Management Therapy of COPD Patients in COPD-RD and
APEX-COPD Registry

APEX-COPD
COPD-RD Registry
(n=17,192), (n=1,354),
Type of Therapy Inhaled Therapy No. (%) No. (%) P Value
None No therapy 565 (3.3) 103 (7.6)
Reliever only SABA, SAMA, SABA+SAMA 1,587 (9.2) 66 (4.9)
Controller therapy ~ LABA?® 46 (0.3) 4 (0.3)
LAMA® 2,127 (12.4) 55 (4.1)
LABA + LAMA? 2,265 (13.2) 240 (17.7) .000
ICS® 756 (4.4) 47 (3.5)
ICS + LABA® 5070 (29.5) 325 (24.0)
1CS + LAMA® 66 (0.4) 5 (0.4)
ICS + LABA + LAMA? 4,658 (27.1) 509 (37.6)
Macrolides? 8,087 (47.0) 613 (45.3)

APEX = Advancing the Patient Experience; COPD = chronic obstructive pulmonary disease; COPD-RD = COPD Optimum
Patient Care DARTNet Research Database; ICS = inhaled corticosteroids; LABA = long-acting B;-agoninst; LAMA = long-
acting muscarinic antagonist; SABA = short-acting B-agonist; SAMA = short-acting muscarinic antagonist.

2May be prescripted with or without reliever therapy.
° Any macrolide code in last 12 months.
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registry, providing greater insight into the burden of COPD
on patients' lives (eg, health status, breathlessness, and exac-
erbations). The APEX-COPD registry closes many COPD
data gaps at the primary care level by encouraging increased
and coordinated data collection, validation, analyses, as well
as sharing and real-world application of data. This has been
facilitated by the development of standardized data collection
methods, use of harmonized definitions to monitor co-mor-
bidity, symptom, and exacerbation burdens, as well as care
and treatment of patients with COPD, using both EHR and
PRIO data sources.'®"

The preponderance of smokers or ex-smokers, overweight
or obese patients, and high prevalence of comorbidities in our
study, and the almost equal distribution of males and females

have been reported by others.?*?® Our prevalence of non-

smokers (12% in both COPD-RD and APEX-COPD) is in
agreement with that reported by Celli and colleagues (13%),*
but lower than that estimated by the Centers for Disease
Control and Prevention (25%).3° It is hypothesized that in
nonsmoking individuals COPD may be caused by abnormal
lung development,’' passive smoking,* or occur secondary
to an auto-immune component.’* The comorbidity burden
in COPD is historically high. It is important to accurately
characterize COPD in primary care since it carries a high
morbidity and socioeconomic burden, is associated with more
hospitalizations, longer hospital stays, and more emergency
department visits (unrelated to COPD).3*3¢ The cost of treat-
ing a COPD exacerbation is more than 4 times greater in
patients with at least 1 comorbidity compared with patients
lacking a co-morbidity.?” In agreement with other studies,
comorbidities such as hypertension, diabetes mellitus, asthma,
gastro-esophageal reflux disease, and psychological condi-
tions (eg, anxiety and depression) were commonly reported
by patients with COPD.3343338 The prevalence of these condi-
tions varies markedly between studies, most likely influenced
by differences in the populations studied (eg, smoking, age),
medication interactions (eg, loop diuretic and B,-agonist;
B-blocker and angiotensin-converting enzyme inhibitor), diag-
nosis coding accuracy, and lack of specific comorbidity case
definitions.?* The results of our study are in good agreement
with the most recent patient-reported US data that showed
a self-reported prevalence of 61% with hypertension of, 41%
with asthma, and 26% with diabetes mellitus.® The global
prevalence of asthma-COPD overlap among COPD patients
has been estimated at 30% (from population-based studies).®
Exacerbation burden is equally important to define since
COPD exacerbations have an impact on patient outcomes,
mortality, and cost. Data from the National Inpatient Sample
databases (2002-2010) showed that acute exacerbations of
COPD-related hospitalizations accounted for 3% of all hos-
pitalizations in 2010. Although both mortality and average
length of stay decreased from 2002 to 2010, hospitalization
cost increased from $22,187 in 2002 to $38,455 in 2010.*
Many studies have quantified COPD exacerbations from EHR

data, using antibiotic and oral corticosteroid prescriptions

and hospitalizations (among other criteria) to define exacerba-
tions.2*284" Although these methods are well-validated and
widely published, they do assume that patients use 1 prescrip-
tion to treat 1 exacerbation. In the current study, exacerba-
tions were defined using EHR criteria and reported directly
by patients. We found good agreement between the percent-
age of patients with 1 or more exacerbation in the last 12
months (47% using EHR vs 50% reported by patients), similar
to that previously reported in UK primary care.?”#

This exacerbation burden was somewhat surprising con-
sidering that 88% of these patients were on some form of
maintenance therapy (predominantly I[CS/LABA or ICS/
LABA/LAMA), yet many continued to report high or very
high CT scores and substantial levels of breathlessness
(mMRC >2). These findings may indicate that (1) patients are
not treated appropriately or are poorly compliant with their
COPD medication regimens, (2) more focus on nonpharma-
cological treatment options is required to reduce symptom
burden (eg, smoking cessation; more than 31% of patients
continued to smoke), or (3) additional physician education is
required to diagnose and treat COPD earlier to delay lung
function decline.

An assessment of how well COPD responds to current
treatments and the appropriateness of pharmacotherapy in
these patients is the subject of future, planned research. Ini-
tial evidence of both over- and under-treatment, however,
may be inferred from the current data. Over-treatment of
some patients may be inferred from the fact that overall
27% of patients were on triple therapy (indicated for those
with persistent exacerbations),' and 30% were on ICS/LABA
(recommended as an initial treatment for GOLD Group D
patients, particularly for those with a blood eosinophil count
of more than 300 cells/pL)! even though only 16% experi-
enced 2 or more exacerbations (in last 12 months) and 19%
of patients had a blood eosinophil counts of more than 300.
On the other hand, under treatment of some patients may be
inferred from the fact that only 18% and 4% of APEX-COPD
patients were on LABA/LAMA and LAMA, respectively. One
may expect this would be higher considering that 45% of
patients reported breathlessness (nMRC grade >2), but may
also relate to the high cost of COPD inhalers in the United
States. Furthermore, 4% of patients were on ICS monother-
apy (not recommended), and 3% received no treatment.

It is important to recognize that these GOLD treatment
recommendations are based on evidence from RCTs which,
by virtue of their strict inclusion/exclusion criteria, may not
be representative of many patients living with COPD in real-
life.*3 Taken together, these findings indicate further opportu-
nity for medication optimization in the primary care setting
for COPD patients and call for more real-life effectiveness tri-
als, or broader inclusion criteria for RCTs to provide real-life
evidence of response to and appropriateness of treatment and
to inform COPD management guidelines.

Limitations of our study include the fact that registry data
has lower internal validity than that collected prospectively in
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RCTs, and lacks information on treatment adherence, inhaler
technique, and patient peak inspiratory flow. Low numbers of
pneumococcal vaccinations were found in the EHR at one of
the health care organizations due to completion data being
stored externally in a state immunization registry. These
limitations are counter balanced by the large data set of

more than 17,000 primary care patients in the United States,
standardization of data collected, and the fact that the APEX-
COPD registry is representative of the huge COPD-RD data
set, providing confidence in its generalizability to the US
COPD population.

In conclusion, our findings highlight the high exacerba-
tion, treatment, and comorbidity burdens experienced by US
patients diagnosed with COPD and managed in primary care,
and the need for more real-life effectiveness trials to better
support decision making at the primary care level.
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